INTRODUCTION
Electroencephalography (EEG) based depth of anaesthesia monitors are commonly used to assist titration of anaesthetic-hypnotic agents. These devices have been shown to decrease intraoperative anaesthetic usage, improve intraoperative haemodynamics, and promote faster recovery. [1] However, the use of Journal of Neuroanaesthesiology and Critical Care | Vol. 2 • Issue 1 • Jan-Apr 2015 | placed in different locations and distance between the electrodes can be varied. The purpose of our study is to determine the feasibility of new GE entropy sensors in monitoring depth of anaesthesia for patients undergoing supratentorial craniotomy.
SUBJECTS AND METHODS
After institutional ethics board approval, we retrospectively reviewed the data from 20 consecutive patients undergoing supratentorial craniotomy who had depth of anaesthesia monitoring using modified entropy sensors. Ten patients underwent orbitozygomatic craniotomy, and the remaining had bifrontal craniotomy.
Prior to the induction of anaesthesia, the new GE entropy sensor (P/N M1038681) was applied in a modified fashion with three sensors placed on the ipsilateral frontal, temporal and maxillary bones respectively [Figures 2 and 3] . For patients undergoing orbitozygomatic craniotomy, the sensors were placed on the opposite side of the face. Anaesthesia management was standard in all patients and consisted of propofol, fentanyl and rocuronium for induction. Oxygen and air, with either sevoflurane or desflurane, was employed for maintenance of anaesthesia. We measured the state entropy (SE) and response entropy (RE) at 12 perioperative time points including awake, loss of eyelash reflex, intubation, knife to skin intraoperative time one, intraoperative time two, scalp closure commencement, scalp closure completion, anaesthetic agent off, obeying commands, extubation, and postextubation. Other data collected include patient demographics, surgical procedure, anaesthetic data, and the intraoperative haemodynamics.
RESULTS
Data from 20 consecutive patients (mean age of 47 years, 12 males and 8 females) were analysed. Monitoring was possible in all the patients. In three patients, electrode position was changed during the head pinning as the electrodes were at the pin site. The entropy (RE and SE) values of all the patients at various perioperative points are shown in Figure 4 . Overall the changes in entropy values correlated with clinical indices of depth of anaesthesia (hemodynamic and end-tidal anaesthetic agent concentration) [ Tables 1 and 2 ]. However, in some of the patients, there were unexplained increases in entropy values (RE and SE) during the intraoperative period without any changes in the level of anaesthetic depth or surgical stimulation [ Figure 4 ].
DISCUSSION
Our case series has shown that the newer GE entropy sensors (P/N M10338681) may represent a feasible option for consistent entropy monitoring in patients undergoing procedures in which standard bifrontal montages present considerable inconvenience and The basic principle of scalp EEG recordings is based on the principle of measuring the field potentials. [8] EEG electrodes do not measure the action potential of individual neurons. Instead, they measure the postsynaptic potentials of a group of underlying neurons. These potentials are recorded via scalp electrodes, providing a map of electrical activity of the brain. Since the field potentials are the overall sum of the postsynaptic potentials occurring at distance from the recording sites, the placement of montages does not need to be very precise. In the intraoperative setting, a few centimetres of displacement (resulting from surgical Journal of Neuroanaesthesiology and Critical Care | Vol. 2 • Issue 1 • Jan-Apr 2015 | field interference) is usually acceptable in achieving signals for the placement of a variety of montages including EEG, somatosensory evoked potential, and motor evoked potential.
Standard sensors can be moved to one side of the forehead, instead of the bifrontal location, and have been shown to provide reliable indices of depth of anaesthesia. [5] [6] [7] Current practice in many centres is to place the standard sensors unilaterally in patients undergoing supratentorial craniotomy. However, the three individual electrodes in the standard sensors are in a fixed position, thus making modification of their location difficult. In the new entropy sensors, the three electrodes are free, providing more flexibility with placement. A comparison study conducted by GE in 2009 showed no statistically significant difference between SE and RE values, EEG signal, interference tolerance, electrode impedance, adhesive performance, and overall usability between the standard GE Entropy Easyfit sensor and the new GE entropy sensors. [9] Originally, all the processed EEG devices were designed and validated using frontal montages (Fpz, F7). Theoretically, if the electrodes are displaced only few centimetres away from the suggested frontal position, the electrodes still measure the same underlying cerebral cortex. On the other hand, if we use the montages in a totally different area (e.g., occipital lobe) to replace the frontal montages, we are assuming the raw EEG signals in different lobes would behave the same fashion in frontal lobes. Use of different BIS-vista montages has been examined in previous studies. The use of the fronto-central placement was found to differ in an unpredictable manner. [4] The use of occipital montages found to have poor agreement between the frontal and occipital values. [4, 6] In a recent study, Nelson et al. reported statistically significant variability, but no appreciable clinical difference, between placing the sensor over the frontal bone versus the nasal bridge. The authors recommended the nasal bridge placement for procedures in which the monitor may interfere with the surgical field. [7] One of the major limitation in our study was that we did not compare the new sensors with that of the conventional sensors. Hence, we cannot determine the reliability of the new sensor in the modified position, and there is a need for a prospective study to determine this.
In summary, monitoring the depth of anaesthesia in neurosurgical patients undergoing supratentorial craniotomy is feasible with the use of new three electrodes entropy sensors. Our results show a stable trend in RE and SE values that are clinically consistent with appropriate anaesthetic depth. In contrast to standard sensors (strip), the new sensors offer flexibility with the placement. 
